. The G+C contents of the genomic DNA of strains PB34
T and PB261 T were 73.2 mol% and 74.1 mol%, respectively. Thus, based on the evidence of a polyphasic study, it is proposed that strains PB34 T The genus Geodermatophilus was originally proposed by Luedemann (1968) with three subspecies that at present do not have validly published names: 'Geodermatophilus obscurus subsp. amargosae', 'G. obscurus subsp. utahensis' and 'G. obscurus subsp. dictyosporus'. The genus belongs to the family Geodermatophilaceae in the phylum Actinobacteria, and at the time of writing, includes three recognized species, Geodermatophilus obscurus (Luedemann, 1968) , Geodermatophilus nigrescens (Nie et al., 2012) , Geodermatophilus ruber (Zhang et al., 2011) and three species without validly published names, Geodematophilus arenarius (MonteroCalasanz et al., 2012a), Geodematophilus siccatus (MonteroCalasanz et al., 2012b) and Geodermatophilus telluris (Montero-Calasanz et al., 2012c) . The type species, G. obscurus, is well known to be isolated from harsh environments, such as rock varnish in deserts. It has the capability to lyse yeast cell walls (Kudukhashvili et al., 2001) , UV-C resistance (Kuhlman et al., 2005) , and produces extracellular functional amyloid and manganese (Jordal et al., 2009 ). The first full genome sequence for G. obscurus was completed in 2010 (Ivanova et al., 2010) . This study describes two bacterial strains, PB34 T and PB261
T , that were isolated from grass soil, and establishes their taxonomic positions using a polyphasic approach.
Strains PB34
T and PB261 T were isolated from grass soil during a study of culturable, aerobic, pigmented bacterial strains from grass soil in Daejeon, Republic of Korea. Soil samples were initially collected and serially diluted in a 0.85 % saline solution. Aliquots of each serial dilution were then spread on R2A agar (Difco) and incubated at 25 u C for 14 days under a white fluorescent lamp. Thereafter, two coral pink colonies, designated PB34
T and PB261 T , were isolated. Both isolates were subcultivated on R2A agar at 30 u C for 4 days. For further classification, the strains were subjected to a polyphasic investigation.
For API 20NE, ID 32 GN and API ZYM tests and chemotaxonomic analyses, the strains were cultivated on R2A agar or in R2A broth (Difco) at 30 u C for 4 days. G.
T , G. arenarius DSM 45418, G. siccatus DSM 45419 and G. telluris DSM 45421 were used as reference strains under the same conditions. The Gram reaction was performed using a Gram stain kit (Becton Dickinson) and 3 % KOH solution following the manufacturer's instructions. Using cells grown on R2A agar for 3 days, the cell morphology and motility were observed using a phase-contrast microscope (Nikon Optiphot; 61000 magnification). The presence of a single polar flagellum was determined by transmission electron microscopy (CM20; Philips) after negative staining with 2 % (w/v) uranyl acetate. Oxidase and catalase activities were determined by using 1 % tetramethyl-p-phenylenediamine (Tarrand & Gröschel, 1982) and 3 % H 2 O 2 , respectively. Growth was investigated on R2A agar at different temperatures (0, 4, 10, 18, 25, 30, 37 and 42 u C), with different NaCl concentrations (1, 2, 3, 4 and 5 %), and at pH 5-10 at intervals of 1 pH unit. The following biological buffers were used to adjust the pH: Na 2 HPO 4 / NaH 2 PO 4 for pH 5-7 and Na 2 CO 3 /NaHCO 3 for pH 8-10 (Gomori, 1955; Bates & Bower, 1956) . Carbon source utilization, enzyme activity and additional physiological tests were performed using API 20NE, ID 32 GN and API ZYM galleries according to the instructions of the manufacturer (bioMérieux).
Fatty acid methyl esters from the bacteria grown in R2A medium for 4 days at 30 u C were saponified, methylated, extracted and analysed (Sasser, 1990) according to the protocol of the Sherlock Microbial Identification System (MIDI). The physiological age of strains was standardized based on the protocol given by MIDI (http://www. microbialid.com/PDF/TechNote_101.pdf). The extracts were analysed by GC (6890; Hewlett Packard) and identified by comparing the fatty acid profiles to the TSBA 6 database provided with the Sherlock software 6.1. Menaquinones were extracted from freeze-dried cells (100 mg) using chloroform/methanol (2 : 1, v/v), then purified according to the method developed by Komagata & Suzuki (1987) and analysed using a reverse-phase HPLC (Shimadzu) with an YMC-Pack ODS-A column. The isomer type of the diamino acid of the cell-wall peptidoglycan was determined by TLC after hydrolysis with 6 M HCl at 100 uC for 18 h (Komagata & Suzuki, 1987) . Polar lipids were extracted, examined by twodimensional TLC, and identified using published procedures (Minnikin et al., 1977) .
Genomic DNA was extracted using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified using the universal bacterial primer set, 27F (59-AGAGTTTGATCMTGGCTCAG-39; E. coli position 8-27) and 1492R (59-TACGGYTACCTTGTTACGACTT-39; E. coli position 1492-1510) (Lane, 1991) , and the purified PCR products then sequenced by Solgent. The 16S rRNA gene sequences were aligned with published sequences retrieved from EMBL using CLUSTAL X (Thompson et al., 1997) and edited using BIOEDIT (Hall, 1999) . A phylogenetic tree was reconstructed based on the neighbour-joining method (Saitou & Nei, 1987) , where the distances were estimated using the Kimura two-parameter model (Kimura, 1983) and MEGA version 3.1 (Kumar et al., 2004) . The resultant neighbour-joining tree topology was evaluated by a bootstrap analysis (Felsenstein, 1985) based on a 1000 resampled dataset (Fig. 1) . The DNA G+C content was determined by HPLC after hydrolysis, as described by Tamaoka & Komagata (1984) , with nonmethylated l DNA (Sigma) as the standard. DNA-DNA hybridization to determine genomic relatedness was performed fluorometrically according to the method of Ezaki et al. (1989) using DNA probes labelled with photobiotin (A1935; Sigma) and microdilution wells (96-well microplate; Greiner Bio-one).
T and PB261 T formed visible colonies within 72 h on R2A agar when incubated at 30 u C. Growth occurred at temperatures ranging from 4 to 30 u C, but not at 37 uC. Growth also occurred at pH 5-9, but not at pH 4 or 10. Colonies were coral pink, translucent, convex, and circular with entire edges. The cells were Gram-stainpositive, catalase-and oxidase-negative, motile with a single polar flagellum (Fig. S1 , available in IJSEM Online) and short rods. Detailed physiological and biochemical characteristics are summarized in Table 1 and the species descriptions.
The predominant menaquinones were MK-9(H 4 ) (64.3 %) and MK-9(H 0 ) (35.7 %). The predominant fatty acids were iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 0 and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) for strain PB34
T and iso-C 14 : 0 , iso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 for strain PB261 T (Table S1 ). The polar lipids comprised diphosphatidylglycerol, phosphatidylethanolamine, phosphatidyl-N-methylethanolamine, phosphatidylinositol, an unknown aminolipid and three unknown phospholipids for strain PB34 T , and diphosphatidylglycerol, phosphatidylethanolamine, phosphatidyl-N-methylethanolamine, phosphatidylinositol and five unknown phospholipids for strain PB261 T (Fig. S2 ). T was supported by DNA-DNA relatedness data, where the two strains showed a DNA-DNA relatedness value of 23 %. This value is well below the 70 % cut-off point recommended for the delineation of genomic species (Wayne et al., 1987) .
Based on their 16S rRNA gene dissimilarity to related taxa, phylogenetically distinct position, differentiating phenotypic characteristics and genomic relatedness, strains PB34 T and PB261
T would appear to represent two novel species of the genus Geodermatophilus, for which the names Geodermatophilus soli sp. nov. and Geodermatophilus terrae sp. nov. are proposed.
Description of Geodermatophilus soli sp. nov.
Geodermatophilus soli (so9li. L. gen. n. soli of soil).
Gram-stain-positive, motile, short rods with lengths varying between 1.0 and 1.8 mm, and coral pink in colour. Grows on R2A at temperatures from 4 u C to 30 u C (optimum 30 u C), yet not at 0 u C or 37 u C. Growth occurs from pH 5 to 9 (optimum 7), yet not at pH 4 or 10. Grows in the presence of 0-6 % (w/v) NaCl. Oxidase-and catalase-negative. Positive for nitrate reduction, glucose fermentation, urease, aesculin hydrolysis and b-galactosidase, yet negative for nitrite reduction, indole production, arginine dihydrolase and gelatin hydrolysis. Assimilates N-acetylglucosamine, Lalanine, L-arabinose, citrate, D-glucose, 3-hydroxybenzoate, 4-hydroxybenzoate, 3-hydroxybutyrate, malate, malonate, D-mannitol, melibiose, L-proline, propionate, L-rhamnose, D-ribose, sucrose and valerate; does not assimilate acetate, adipate, caprate, L-fucose, gluconate, glycogen, L-histidine, inositol, itaconate, lactate, 2-ketogluconate, 5-ketogluconate, maltose, D-mannose, phenylacetate, salicin, L-serine, D-sorbitol or suberate. Positive for the following enzyme activities: a-chymotrypsin, esterase (C4), esterase lipase (C8), a-glucosidase and leucine arylamidase. Negative for the following enzyme activities: N-acetyl-b-glucosaminidase, acid phosphatase, alkaline phosphatase, cystine arylamidase, a-fucosidase, a-galactosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase, naphthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase. The peptidoglycan contains meso-diaminopimelic acid as the diagnostic diamino acid. The predominant menaquinones are MK-9(H 4 ) and MK-9(H 0 ). The major fatty acids are iso-C 15 : 0 , iso-C 16 : 0 , summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) and iso-C 17 : 1 .
The type strain, PB34
T (5KCTC 19880 T 5JCM 17785 T ), was isolated from grass soil in Korea. The DNA G+C content of the type strain is 73.2 mol%.
Description of Geodermatophilus terrae sp. nov.
Geodermatophilus terrae (ter9ra.e. L. gen. n. terrae of the earth).
Gram-stain-positive, motile, short rods with lengths varying between 1.0 and 1.8 mm, and coral pink in colour. Grows on R2A at temperatures from 4 to 30 u C (optimum 30 u C), but not at 0 u C or 37 u C. Growth occurs from pH 5 to 9 (optimum 7), but not at pH 4 or 10. Grows in the presence of 0-6 % (w/v) NaCl. Oxidase-and catalasenegative. Positive for urease, aesculin hydrolysis and bgalactosidase, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase and gelatin hydrolysis. Assimilates L-arabinose, D-glucose, 4-hydroxybenzoate, 3-hydroxybutyrate, maltose, D-mannitol, propionate, L-rhamnose, sucrose and valerate; does not assimilate acetate, N-acetylglucosamine, adipate, L-alanine, caprate, citrate, L-fucose, gluconate, glycogen, L-histidine, 3-hydroxybenzoate, inositol, itaconate, lactate, 2-ketogluconate, 5-ketogluconate, malate, malonate, D-mannose, Blastococcus jejuensis KST3-10 T (DQ200983)
Blastococcus aggregatus ATCC 25902 T (L40614)

Blastococcus saxobsidens DSM 44509 T (FN600641)
Modestobacter multiseptatus AA-826 T (Y18646)
Modestobacter marinus 42H12-1 T (EU181225)
Modestobacter versicolor CP153-2 T (AJ871304)
Geodermatophilus soli PB34 T (JN033772)
Geodermatophilus terrae PB261 T (JN033773)
Geodermatophilus arenarius CF5/4 T (HE654547)
Geodermatophilus nigrescens YIM 75980 T (JN656711)
Geodermatophilus telluris CF9/1/1 T (HE815469)
Geodermatophilus siccatus CF6/1 T (HE654548)
Geodermatophilus obscurus DSM 43160 T (X92356)
Geodermatophilus ruber CPCC 201356 T (EU438905)
Acidothermus cellulolyticus ATCC 43068 T (AJ007290)
Sporichthya polymorpha DSM 46113 (X72377)
Microsphaera multipartita Y-104 T (D50066) melibiose, phenylacetate, L-proline, D-ribose, salicin, Lserine, D-sorbitol or suberate. Positive for the following enzyme activities: esterase (C4), esterase lipase (C8), aglucosidase, leucine arylamidase and valine arylamidase. Negative for the following enzyme activities: N-acetyl-bglucosaminidase, acid phosphatase, alkaline phosphatase, a-chymotrypsin, cystine arylamidase, a-fucosidase a-galactosidase, b-galactosidase, b-glucuronidase, lipase (C14), a-mannosidase, naphthol-AS-BI-phosphohydrolase and trypsin. The peptidoglycan contains meso-diaminopimelic acid as the diagnostic diamino acid. The predominant menaquinones are MK-9(H 4 ) and MK-9(H 0 ). The major fatty acids are iso-C 16 : 0 , iso-C 15 : 0 , C 16 : 0 and iso-C 14 : 0 .
The type strain, PB261 T (5KCTC 19881 T 5JCM 17786 T ), was isolated from grass soil in Korea. The DNA G+C content of the type strain is 74.1 mol%.
